We report results of a magneto-optical investigation of the Zintl-phase compound EuIn 2 P 2 . The compound orders magnetically at T C =24 K and exhibits concomitant large magnetoresistance effects. For T ≤50 K and increasing magnetic fields we observe a transfer of spectral weight in σ 1 (ω) from energies above 1 eV into the low-energy metallic component as well as into a mid-infrared signal centered at about 600 cm −1 . This latter absorption is reminiscent to what has been seen in a large variety of so-called Kondo materials and ascribed to excitations across the hybridization gap. The observed gain of Drude weight upon increasing magnetic field suggests an enhancement of the itinerant charge-carrier concentration due to the increasing magnetization, a phenomenon that was previously observed in other compounds which exhibit colossal magnetoresistive effects.
An intimate relation between the magnetization and the electronic conductivity, leading to large or colossal magnetoresistive effects (CMR), has been identified in a variety of compounds (e.g., EuB 6 [8, 12] and the well-known manganites [13] ), which were intensively studied both experimentally and theoretically. Most interpretations rest on magnetically induced shifts of band edges inducing substantial changes in the concentration of itinerant charge carriers [11, 12] . An obvious consequence of this scenario is the expectation of a redistribution of spectral weight between excitations at higher energies in the optical absorption spectrum and the Drude component [14] . With a series of magneto-optical studies of Eu 1−x Ca x B 6 it has been demonstrated that the enhancement of the Drude component is induced upon increasing the magnetization, either by varying the temperature and actuating a spontaneous magnetization in the ordered state or by increasing an externally applied magnetic field [11] . Our present work reveals an analogous shift of spectral weight from high frequencies into the Drude-type absorption of the excitation spectrum upon the onset of magnetic order in EuIn 2 P 2 , thus confirming the general trend in the behaviour of this sort of materials exhibiting CMR effects.
Large single crystals of EuIn 2 P 2 were grown in In flux. EuIn 2 P 2 crystallizes with a hexagonal structure, the space group is P6(3)/mmc. The lattice consists of Eu layers in the ab plane, separated by In 2 P 2 layers alternating along the c-axis [4] . Within the Zintl concept each Eu atom donates electrons to the In 2 P 2 layers. It was shown [4] that this particular structure of EuIn 2 P 2 supports a total of 18 electrons for each (In 2 P 2 ) 2− slab.
The optical reflectivity R(ω) of the title compound was measured in a broad spectral range from the far infrared (FIR) up to the ultraviolet, and as function of both temperature (1.6-300 K) and magnetic field (0-7 T) [11] . The optical conductivity was extracted by a Kramers-Kronig transformation of R(ω). For this purpose the R(ω) spectra were extrapolated towards high frequencies (i.e., ω ≥70000 cm −1 ) with R(ω) ∼ ω −s , 2≤ s ≤4. The Hagen-Rubens (HR) (R(ω) = 1 − 2 ω/σ dc ) extrapolation to ω → 0 was employed at low frequencies (i.e., ω ≤ 50 cm −1 ). The σ dc values in the HR extrapolation that are compatible with our R(ω) data were found to be in fair agreement with values from the dc transport experiments [4] . This is shown in the inset of Fig. 1c , where we compare the magnetic field dependence of the σ dc values used in the HR extrapolation with those that were obtained from dc transport experiments, both at 30 K.
Further details pertaining to the experimental technique and data analysis can be found elsewhere [15, 16] . R(ω) across the entire measured spectral range at room temperature. It exhibits a metallic component with a plasma edge at very low frequencies (ω ≤250 cm −1 ), a strong infrared active phonon mode, peaking at 270 cm −1 with a shoulder on its high frequency tail, a broad excitation centered at 600 cm −1 and several absorptions above 1000 cm −1 . For each combination of temperature and magnetic field the high-frequency parts of all spectra merge. Remarkable is the extremely low plasma edge which, as will be discussed in detail below, already suggests that EuIn 2 P 2 is a system with a low itinerant charge-carrier density. The reflectivity is significantly influenced by magnetic field ( Fig. 1b and 1c) , much less so, however, by temperature (Fig. 1a) .
The main panel of figure 2 presents the field dependence of σ 1 (ω) at 30 K and at frequencies in the FIR range, while its inset emphasizes σ 1 (ω) across the entire covered spectral range. Besides the sharp IR phonon mode and the effective metallic component, σ 1 (ω) also reveals a strong absorption peaking at about 600 cm −1 . The first qualitatively important observation is that the metallic (Drude) component as well as the feature at 600 cm −1 increase with magnetic field, i.e., they both gain spectral weight. The trend of the magnetic field dependence of σ 1 (ω) shown for 30 K in Fig. 2 is representative for all T ≤ 50 K. The enhancement of these respective mode strengths with magnetic field is only marginal in the σ 1 (ω) spectra evaluated at temperatures above 50 K.
The strong absorption centered at 600 cm −1 bears a striking similarity with what has been often observed in heavy-electron or Kondo materials and was ascribed to excitations across the hybridization gap (hg) [17, 18] . The features of the split Kondo resonance [19] are indeed reflected in the shape of σ 1 (ω). The hybridization between localized electron orbitals and the narrow valence (conduction) band in Kondo lattices leads to a splitting of that band. If the Fermi energy lies in the narrow band region, then heavy quasiparticles are formed. At low temperatures one expects, besides a coherent Drude peak in σ 1 (ω) resulting from the renormalized heavy quasiparticles, an additional mid-infrared signal due to transitions across the so-called hybridization gap. The persistence of this signal up to room temperature suggests a rather high characteristic Kondo temperature of EuIn 2 P 2 . The already mentioned low density of itinerant charge carriers places the plasma edge of R(ω) at much lower frequencies than the hg excitation. Therefore, with increasing temperature the thermal broadening of the plasma edge is not sufficient to mask the hg signal, which is still visible at 300 K. At this point we note that a similar feature, also ascribed to excitations across a hybridization gap and clearly persisting up to room temperature, was recently observed around 200 cm −1 in the Zintl compound, Yb 14 MnSb 11 [20] . Finally the peaks in σ 1 (ω) above 1000 cm The Lorentz-Drude model, based on the classical dispersion theory for condensed matter, is the most common phenomenological approach in order to account for some of the features in the excitation spectrum [15, 16] . Besides the Drude term for the free charge-carriers' contribution, we consider several Lorentz harmonic oscillators (h.o.), across the covered spectral range. As an example, we present the components of the fit in zero magnetic field in Although this phenomenological approach is rather simple, it allows for a quantitative evaluation of the magnetic field dependences of the Drude parameters ω p and Γ, which determine the charge transport in EuIn 2 P 2 and therefore also the CMR features. As pointed out above, the plasma frequency ω p adopts extremely low values, even smaller than in Eu 1−x Ca x B 6 [11] , where n c , the concentration of conduction electrons, is of the order of 10 −4 per unit cell [21] . Thus, EuIn 2 P 2 must indeed be regarded as a system with a low concentration of itinerant charge carriers. The plasma frequency increases with increasing magnetic field at all temperatures below 50 K. The saturation to a constant value is reached at fields which increase with increasing temperature (Fig.   3a ). This suggests a gain of the Drude spectral weight upon growing magnetization of the material.
The Drude scattering rate does not vary with field above 30 K. It is considerably reduced above 1 T at 10 K (Fig. 3b) , however, indicating a reduction of the scattering rate at low temperatures and high magnetic fields, i.e., in the saturated magnetically ordered state. The already mentioned additional h.o. at about 150 cm −1 , needed to account for the high-frequency tail of the effective metallic contribution, might be thought to be due to the band gap that is indicated by the dc trans-port data [4] . However, its resonance energy is a factor of five larger than the previously claimed band gap, making this interpretation rather unlikely. More likely, this latter term in our fit procedure reflects excitations involving charges in quasi-localized states (e.g., with a large effective mass).
The phenomenological decomposition of the optical conductivity into all its components also provides the basis for discussing the distribution of the spectral weight (S) in the absorption spectrum. Figure 4 shows the spectral weight distribution for some of these components as a function The most significant result of the spectral weight analysis presented in Fig. 4 is the remarkable gain of spectral weight of the effective metallic component (i.e., for frequencies ω ≤ 200 cm −1 ) and the hybridization-gap feature centered at about 600 cm −1 . It is particularly pronounced at 30 K and even more so at 10 K (Fig. 4a and 4b) . The renormalized density of states is significantly enhanced both at low temperatures and in high magnetic fields and is due to the increasing hybridization between the localized 4f states and the itinerant states of the d bands. This immediately leads to an enhancement of the transition probability, across the hybridization gap, i.e., a gain of the mode strength. The enhancements of the metallic component and hybridization-gap excitation tend to saturate in high magnetic fields at all temperatures. This saturation is actually expected because of the fully ordered magnetic state in high fields. The spectral weight for all components of σ 1 (ω) remains almost constant at any fields above 50 K (Fig. 4c) , confirming the direct experimental observation that at these temperatures, there is nearly no magnetic field dependence in the R(ω) spectra. In order to satisfy the optical sum rule, the gain of spectral weight of the low energy excitations of EuIn 2 P 2 below 30 K is accounted for by an equivalent loss of signal at high energies, possibly above 1 eV. The transfer of weight from energies even higher than the experimentally covered spectral range seems to be a common feature of highly correlated systems [17, 23] . It remains to be seen whether also in EuIn 2 P 2 , the spectral weight transfer into the low frequency range of σ 1 (ω) is primarily driven by correlation effects.
The enhancement of the (Drude) metallic weight with magnetic field bears some similarities with our previous findings for the Eu 1−x Ca x B 6 series [11] and signals the release of localized charge carriers in the spin-polarized state of EuIn 2 P 2 . A variety of models was invoked to address the wealth of physical properties in CMR systems [12, 14, 24, 25, 26] . Nonetheless, because of the similarity encountered in the magnetic field and temperature dependence of σ 1 (ω) for both EuB 6 and EuIn 2 P 2 , it is worth recalling the scenario recently introduced by Pereira et al. [14] .
They proposed that the ferromagnetism of a low charge carriers system can be described within a double-exchange model. This theoretical approach can be regarded as an effective Kondo lattice problem in the limit of very small number of carriers. Pereira's model was successful in explaining several properties of ferromagnetic EuB 6 and particularly the evolution of the CMR effect and of the magneto-optical response in the Eu 1−x Ca x B 6 series [11] . The reduced itinerant carrier concentration places the Fermi level near a magnetization dependent mobility edge, which emerges in the spectral density because of the disordered spin background. Within this scenario it may then be argued that for both EuB 6 and EuIn 2 P 2 the increasing magnetization due to increasing magnetic fields shifts the mobility edge away from the Fermi energy towards the lower band edge. This releases additional charge carriers and the Drude weight grows upon magnetizing the system.
In summary, we have presented magneto-optical data on the rare-earth based Zintl EuIn 2 P 2 compound, which displays remarkable temperature and magnetic field dependence of the optical spectra at T ≤ 50 K. We identified a non-negligible enhancement of spectral weight in σ 1 (ω)
into the low-energy metallic component with increasing magnetic field. This implies a release of additional charge carriers upon spin polarizing the material. Therefore, EuIn 2 P 2 shares common features with other CMR compounds. In interpreting the data we favored the recently developed concepts based on the double-exchange scenario, which, although by no means unique, catches some of the experimental findings. Our results should motivate further theoretical and experimental work in order to strengthen our knowledge on the physical properties of EuIn 2 P 2 and broaden our perspectives on CMR systems. 
